Background: Hearing difficulties are a large public health problem. Knowledge is scarce regarding risk of disability pension among people who have been sickness absent due to these difficulties.
Introduction
Hearing difficulties are a public health concern [1] with increasing prevalence according to several studies [1, 2, 3, 4, 5] . Other otoaudiological diagnoses, such as vertigo and balance problems, are also important health problems that might cause long-term disability and exclusion from the labor market. In Sweden, approximately half of the persons with hearing difficulties are of working ages [6] . Gender differences have been suggested, i.e. hearing difficulties are more common among men but the prevalence of hearing difficulties is increasing to a larger extent among women [6] . It has been suggested that people with hearing difficulties are overrepresented among those on long-term sick leave [7] .
Evidence regarding consequences of being on sick-leave due to different otoaudiological diagnoses is scarce [8] . To our knowledge, there are only two previous studies regarding sickness absence due to hearing difficulties in relation to disability pension [9, 10] . One study examined only vertigo [9] and in the other we found that those who in 1985 had at least one new sick-leave spell due to an otoaudiological diagnosis (mainly vertigo diagnoses) had a higher risk of disability pension compared to individuals on sick leave due to all other diagnoses [10] . In the present, more recent and much larger, nationwide, prospective cohort study we further examine this finding, for the first time adjusting for a large variety of sociodemographic and health variables. The larger number of individuals admits a more specific diagnosis categorization, and, in addition, further possibilities for stratifications. Furthermore, this is the first study examining the association between sick leave due to otoaudiological diagnoses and risk of diagnosis-specific disability pension.
Thus, the objective was to assess if being on sick-leave due to different otoaudiological diagnoses is associated with risk of all-cause disability pension as well as diagnosis-specific disability pension, compared to sickness absence with non-otoaudiological diagnoses, in a Swedish, nationwide, prospective cohort study. Further, the aim was to assess if the potential associations differ with age or sex. , assigned to all residents in Sweden, was used to link data from the different registers. In Sweden, a sickness certificate issued by a physician is required to obtain sickness benefits after the 7 th day of a sick-leave spell. All individuals in Sweden receiving an income from work or from unemployment benefits are covered by the same public sickness insurance. For most employed people, the sickness benefits are compensated by the employer for the first 14 sick-leave days and from the Social Insurance Agency from the 15 th day. Disability pension may be granted to those with a medical work incapacity that is predicted to be long term. The old-age retirement age is generally 65 years but may be taken in younger ages. Sickness benefits cover about 80% of lost income and disability and old-age pension at least 65%.
Methods
The sick-leave diagnoses were classified according to the International Statistical Classification of Diseases and Related Health Problems, version 10 (ICD-10) [11] (table S1). The exposure was categorized as either: 1) having at least one prevalent (i.e. on-going or new) sick-leave spell during 2005 due to otoaudiological diagnoses (ICD-10 chapter VIII, H60-H95); 2) having at least one prevalent sick-leave spell during 2005 due to non-otoaudiological diagnoses (or no registered diagnosis), reference category), or 3) having no sick-leave day compensated by the Social Insurance Agency during 2005. All individuals with an otoaudiological sick-leave spell were included in the first category, even if they also had non-otoaudiological sick-leave spells during 2005.
Moreover, for detailed analyses, the otoaudiological diagnoses were further categorized as (replacing the category otoaudiological diagnoses in the model): mainly ''otological'' (H60-H75, H80, H92, H94, H95), ''hearing'' (H83, H90, H91), ''vertigo'' (H81, H82), or ''tinnitus'' (H93). Twenty-seven individuals had more than one sick-leave spell due to two different otoaudiological diagnoses and were thus included in both categories.
The outcome, i.e. disability pension, was defined as incident disability pension, i.e. a disability pension granted during 2006-2009. We studied all-cause disability pension and disability pension due to the following diagnoses: otoaudiological (ICD-10; H60-H95), circulatory (ICD-10;I00-I99), cancer (ICD-10; C00-D48), and mental (ICD-10; F00-F95) diagnoses.
Statistical analysis
We calculated person-time of follow-up for each individual from January 1, 2006 to the date of disability pension, death, migration, 65 years of age, or December 31, 2009, whichever came first. Incidence rate ratios (RRs) for all cause and diagnosis-specific disability pension and 95% confidence intervals (CIs) were estimated by Cox proportional hazards models, using person-time of follow-up as the underlying time scale. The data conformed to the proportional hazards assumption.
We performed crude, age-adjusted, and multivariable analyses. In the main analysis, we adjusted for age, sex, family situation, type of living area, country of birth, educational level, and number of days hospitalized (inpatient) in [2000] [2001] [2002] [2003] [2004] [2005] . Furthermore, the risk of diagnosis-specific disability pension associated with sick leave due to different otoaudiological diagnoses was assessed. Moreover, analyses stratified by age and sex was performed for allcause disability pension since both age and sex have been reported to influence the risk of both sick-leave and disability pension [12] . All individuals with missing information on any of the variables included in the models were excluded from the analyses.
All statistical analyses were performed using SAS software (version 9.2; SAS Institute, Cary, NC).
The study was approved by the Regional Ethical Committee in Stockholm, Sweden.
Results
The 4 In total, 123 473 individuals were granted disability pension of which 1709 individuals were granted disability pension due to otoaudiological diagnoses. The mean age when granted disability pension (due to all diagnoses) was 50 (611) and due to an otoaudiological diagnosis 55 (68). In table 1, baseline characteristics of the cohort, in total and by the different categories of sickleave diagnoses, are presented. Individuals with at least one sickleave spell during 2005 due to an otoaudiological diagnosis were on average older, more often married/cohabiting, born in another country than Sweden, less often living in a large city or hospitalized compared to individuals with a sick-leave spell with non-otoaudiological diagnoses in 2005. Individuals with a hearing or tinnitus sick-leave diagnosis had on average a higher educational level compared to both other sickness absentees and to those with no sickness absence benefits in 2005. Among those with sickness absence in 2005, the proportion absent due to otoaudiological diagnoses increased with age (figure 1).
Overall, we observed that individuals with sick-leave due to any otoaudiological diagnosis had an increased risk of being granted a disability pension (RR 1.52, 95% CI 1.43-1.62) compared to individuals with sick-leave due to non-otoaudiological diagnoses (table 2) . Especially sickness absence due to hearing and tinnitus diagnoses were associated with high risk increases of disability pension; RR 3.38 (95% CI 3.04-3.75) and 3.30 (95% CI 2.95-3.68), respectively. Sick leave due to vertigo diagnoses was associated with modest risk increases in the crude models, but not in the multivariable adjusted models and sickness absence due to otological diagnoses was inversely associated with risk of disability pension compared to sickness absence due to nonotoaudiological diagnoses. Inverse associations were observed between no sick-leave days and risk of disability pension compared to those with non-otoaudiological sick leave.
In the analyses of diagnosis-specific disability pension (table 3) , we observed strongly increased risks of incident disability pension due to otoaudiological diagnoses among those sickness absent due to these diagnoses. Although the inverse association between no sick leave benefits and risk of disability pension due to otoaudiological diagnoses compared to sickness absence due to non-otoaudiological diagnoses were strong, it was weaker than in the analyses of disability pension due to other outcomes. A sick-leave diagnosis of tinnitus was associated with an increased risk of disability pension due to mental diagnoses (RR 1.69, 95% CI 1.27-2.25), while the other otoaudiological diagnoses categories were not. Very few individuals with a sick-leave spell due to otoaudiological diagnoses were granted a disability pension due to circulatory (20 individuals) or cancer (10 individuals) diagnoses. A sick-leave spell due to otoaudiological diagnoses was associated with decreased risks of disability pension due to circulatory (RR 0.42, 95% CI 0.27-0.65) and cancer (RR 0.43, 95% CI 0.23-0.79) diagnoses.
Finally, in the analyses of all disability pension stratified by age and sex, respectively, we observed relatively small differences (table 4). The risk of being granted a disability pension among individuals with a hearing or tinnitus diagnosis was highest in the age-group 35-44. Men who were sickness absent due to otoaudiological diagnoses had a slightly higher risk of disability pension than women sickness absent with these diagnoses. Table 2 . Sickness absence due to otoaudiological diagnoses and incidence rate ratios (RRs) and 95% confidence intervals (CIs) for disability pension. 
Discussion
In this population-based cohort including all individuals living in Sweden, aged 20-64 years, and not on old-age or disability pension in 2005, we found that the risk of being granted a new disability pension was 52% higher among individuals having at least one sick-leave spell due to an otoaudiological diagnosis compared to individuals with sickness absence due to nonotoaudiological diagnoses. The risk increase was most pronounced among individuals with a hearing or tinnitus diagnosis, where more than threefold increased risks of being granted a disability pension compared to those with non-otoaudiological sick-leave diagnoses were observed. As expected, the risk of diagnosis-specific disability pension due to otoaudiological diagnoses was very strongly associated with sick-leave due to otoaudiological diagnoses. The associations did not differ substantially across different age groups or between men and women.
Only a few prior cohort studies have presented data on sick leave or disability pension in relation to hearing difficulties or diagnoses [9, 10, 13, 14, 15, 16, 17] . The majority of previous studies include small groups [9, 13, 14, 16] or only focus on specific occupational groups [15, 17] . Most previous studies [9, 10, 15, 16] have indicated an increased risk of disability pension among individuals with a hearing difficulty. The results of this study confirms and extends previous results from a Swedish cohort study including 40 786 individuals living in a county in southern Sweden, where we found that individuals with sick leave due to an otoaudiological diagnosis had a 42% higher risk of disability pension compared to individuals with sick leave spells due to nonotoaudiological diagnoses [10] .
One explanation for our findings is that hearing difficulties lead to increased levels of stress. Even a minor hearing difficulty might decrease an individual's possibilities to be involved in ordinary conversation, especially if there is several persons talking at the same time or if there is a lot of background noise, the need to constantly strain to hear might be stressful [6] .
As in all studies on sick leave due to specific diagnoses the number of persons on sick leave with a specific diagnosis cannot directly be translated to all who have that disease. Most people with different diseases, including hearing difficulties, are not sickness absent due to them [18, 19] . Most likely, a majority of people with hearing difficulties have different aids or adapted work conditions which means that they may be able to work regardless of their hearing difficulties or their hearing difficulties does not impair their work capacity. Moreover, for some individuals with multi-morbidity, hearing difficulties might not have been the main reason for their sick leave, but contributed to their work incapacity. This means that our results might be an underestimation of the associations observed between being on sick-leave due to otoaudiological diagnoses and risk of disability pension.
Major strengths of this study include its population-based nationwide design, comprising the whole Swedish population of working ages, not a sample, the prospective study design, and the complete follow-up (i.e. no drop out). Other strengths are the high quality of the population-based registers, that data were not selfreported [20, 21] , and our adjustments for a wide range of potential confounders such as age, sex, family situation, type of living area, birth region, years of education and, hospitalization days. The prospective design and the register-based information including the whole Swedish population limit the risk of selection bias. Another strength is that detailed information regarding sickleave diagnoses was available. Such information is often not available in large population-based studies. The validity of sickleave diagnoses is often discussed, however, seldom studied. A study of the validity of sick-leave diagnoses comparing them to medical charts report good validity [22] . A limitation is that for employed individuals, information about most sick-leave spells shorter than 15 days are not included. However, the majority of shorter sick-leave spells are due to different types of infections, migraine etc. [12] . If such sick-leave spells had been included, the associations would probably have been even stronger. Another limitation is that we excluded persons who already had received or were granted disability pension during 2005. This might have underestimated the risk of being granted a disability pension. The relatively short follow-up of four years has advantages and disadvantages, but a 52% risk increase of all cause disability pension among those on sick leave due to otoaudiological diagnoses warrants attention. The register-based data does not include lifestyle factors that might influence the risk of being granted a disability pension, thus the possibility of uncontrolled or residual confounding cannot be entirely eliminated. However, we have adjusted for multiple potential confounders, and we observed only very small differences in the risk estimates between the crude models and the adjusted models.
In absolute numbers, the number of individuals with sick-leave spells due to audiological diagnoses (i.e. hearing loss or tinnitus) might not be considered very large, but the risk of exclusion from the labor market and the adverse consequences must be recognized. In our study, many individuals aged 35-40 years with such sick-leave diagnoses were granted disability pension. This observation is consistent with the notion that many of the subjects could have early onset hearing loss that may progress into profound hearing loss, or profound hearing loss with adult onset [23] . The severe consequences of a disrupted ability to communicate due to late deafness are well known [24] . Awareness of the importance to introduce work adjustments or comprehensive rehabilitation measures is warranted.
In conclusion, this large nationwide population-based cohort study suggests an increased risk of disability pension among those sickness absent due to otoaudiological diagnoses compared to those sickness absent due to non-otoaudiological diagnoses. The risk increase was most pronounced among individuals with a hearing or a tinnitus sick-leave diagnosis. This finding emphasizes the importance of initiating preventive measures among people with sick leave due to otoaudiological diagnoses in order to prevent disability pension. 
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